Two-electron oxidation of the [N(P i Pr2E)2]anion with iodine produces the cyclic [N(P i Pr2E)2] + (E = Se, Te) cations, which exhibit long E-E bonds in the iodide salts [N(P i Pr2Se)2]I (4) and [N(P i Pr2Te)2]I (5). The iodide salts 4 and 5 are converted to the ion-separated salts [N(P i Pr2Se)2]SbF6 (6) and [N(P i Pr2Te)2]SbF6 (7) upon treatment with AgSbF6. The compounds 4-7 were characterized in solution by multinuclear NMR, vibrational and UV-visible spectroscopy supported by DFT calculations. A structural comparison of the salts 4, 5, 6, 7 and [N(P i Pr2Te)2]Cl (8) confirms that the long E-E bonds in 4, 5 and 8 can be attributed primarily to the donation of electron density from lone pair of the halide counter-ion into the E-E σ* orbital (LUMO) of the cation. The phenyl derivative [N(PPh2Te)2]I (9) was prepared in a similar manner. However, the attempted synthesis of the selenium analog, [N(PPh2Se)2]I, produced a 1:1 mixture of [N(PPh2Se)2(μ-Se)][I] (10) and [SeP(Ph2)N(Ph2)PI] (11). DFT calculations of the formation energies of 10 and 11 support the observed decomposition. Compound 10 is a centrosymmetric dimer in which two six-membered NP2Se3 rings are bridged by two Ianions. Compound 11 produces the nine-atom chain {[N(PPh2)2Se]2(μ-O)} (12) upon hydrolysis during crystallization. The reaction between [(TMEDA)NaN(P i Pr2Se)2] and SeCl2 in a 1:1 molar ratio yields the related acyclic species [SeP( i Pr2)N( i Pr2)PCl] (13), which was characterized by multinuclear NMR spectroscopy and an X-ray structural determination.
Introduction
Dichalcogenoimidodiphosphinate ligands [N(PR2E)2] -1 (E = O, S, Se) have a long and venerable history that dates back to the 1960s. 1 The widespread interest in their metal complexes 2 arises from a number of potential uses e.g., as lanthanide shift reagents, 3 in luminescent materials, 4 or in metal extraction processes. 5 Recently, O'Brien and co-workers have demonstrated that certain complexes of the isopropyl derivatives 1a and 1b are sufficiently volatile to serve as single-source precursors for the production of thin semi-conducting films of metal selenides. 6 The neutral precursors to the anionic ligands 1a and 1b are readily made by direct reaction of HN(P i Pr2)2 with elemental sulfur or selenium, respectively, 7 but this reaction is not successful for the synthesis of HN(P i Pr2Te)2. Four years ago we reported the synthesis of the tellurium-containing ligands [N(PR2Te)2] -(R = i Pr, Ph) by metallation of HN(PR2)2 with NaH prior to reaction with tellurium. 8, 9 The discovery of this new synthetic approach has opened the door to a wide-ranging study of metal complexes of 1c. To date, homoleptic complexes of Group 12 (Zn, Cd, Hg) and Group 15 (Sb, Bi), 10 as well as a La(III) complex and the first example of a covalent actinide-tellurium bond have been reported. 11 Some of these complexes have been shown to be suitable single-source precursors for metal telluride thin films or nanoparticles, e.g. 4 CdTe, 12 Sb2Te3. 13 In contrast to the metathetical reactions observed for Groups 12 and 15 halides, the treatment of 1c with Group 13 (Ga, In) trihalides gives rise to a novel telluriumtransfer process and the formation of Ga2Te2 and In3Te3 rings. 14 An intriguing feature of the chemistry of 1c is the formation of unusual dichalcogenides of the type 2 upon one-electron oxidation of the sodium salts with iodine. 9, 15 This redox process represents a new aspect of the well-studied chemistry of dichalcogenoimidodiphosphinates and raised the fascinating question of whether the corresponding cations 3b and 3c can be prepared by two-electron oxidation of the corresponding anions 1b or 1c (or one-electron oxidation of the dimers 2b and 2c). In a preliminary communication, 16 we described the synthesis of the iodide salts [N(P i Pr2Se)2]I (4) and [N(P i Pr2Te)2]I (5), which contain the cyclic cations 3b and 3c, respectively. Simple electron-counting procedures for these novel inorganic heterocycles predict a six π-electron system. 17 However, DFT calculations revealed that, although the three highest occupied molecular orbitals in the five-membered rings 3 are π-type orbitals, the bonding effect of the E-E π-bonding orbital (HOMO-2) is essentially cancelled by the double occupation of the E-E π*-antibonding orbital (HOMO). Since the third  orbital (HOMO-1) is a non-bonding orbital located primarily on the nitrogen atom, the π-bond order of the ring system is approximately zero.
DFT calculations also indicated that the unusually long chalcogen-chalcogen bonds observed in the iodide salts 4 and 5 may be attributed primarily to donation of electron density from a lone pair of the iodide counter-ion into the E-E σ* orbital (LUMO) of the cyclic cation. 16 We have now extended the investigation of this new five-membered ring system to include ionseparated salts in order to gain experimental verification for this explanation. In addition, the effect of the replacement of the isopropyl substituents on phosphorus by phenyl groups was examined. Thus, we report herein the synthesis, spectroscopic and structural characterization of the following salts of these five-membered rings [N(P i Pr2Se)2]SbF6 (6), [N(P i Pr2Te)2]SbF6 (7), [N(P i Pr2Te)2]Cl (8) and [N(PPh2Te)2]I (9). The unexpected formation of the six-membered ring 5 [N(PPh2Se)2(μ-Se)][I] (10) and the acyclic species [SeP(Ph2)N(Ph2)PI] (11) in the attempted synthesis of [N(PPh2Se)2]I is also described together with the X-ray structure of the nine-atom chain {[N(PPh2)2Se]2(μ-O)}•CH2Cl2 (12•CH2Cl2). The synthesis and X-ray structure of the acyclic compound [SeP( i Pr2)N( i Pr2)PCl] (13), an analogue of 11, are also discussed.
Experimental Section
General Procedures. All reactions and manipulations of products were performed under an argon atmosphere by using standard Schlenk techniques or an inert atmosphere glove box.
[N(P i Pr2E)2]I (4, E = Se; 5, E = Te) were prepared by the method described recently. 16 The complete spectroscopic data ( 1 H, 13 C, 31 Hz). UV-Vis (CH2Cl2): 230-270 and 365 nm (ε = 1.7*10 4 mol -1 cm -1 ). 
Spectroscopic data of [N(P i Pr2Te)2]I (5).

Synthesis of [N(P i Pr2Se)2]SbF6 (6).
A solution of 4 (0.213 g, 0.40 mmol) in 25 mL of toluene was cooled to -80 °C and a solution of AgSbF6 (0.137 g, 0.40 mmol) in 25 mL of toluene was added slowly via cannula. The reaction mixture was stirred for 1 h at -80 °C and 2 h at 23 °C. Solvent was evaporated under vacuum and the resulting orange precipitate was dissolved to 7 ca. 50 ml of THF. AgI was allowed to settle and the solution was filtered through a microfilter UV-Vis: λ 230-270 and 365 nm (ε = 3.6*10 3 mol -1 cm -1 ), and 595 nm (ε = 190 mol -1 cm -1 ) in CH2Cl2; λ 230-270 and 365 nm (ε = 3.2*10 3 mol -1 cm -1 ), and 560 nm (ε = 200 mol -1 cm -1 ) in MeCN. X-ray quality crystals were grown by layering n-hexane on top of a THF solution of 7.
Formation of [N(P i Pr2Te)2]Cl (8).
A few X-ray quality crystals of 8 were obtained from the reaction solution of an equimolar reaction between [N(P i Pr2Te)2]2 and SO2Cl2 in toluene. The reaction yielded a complex mixture of products, as shown by the 31 P NMR spectroscopy, and therefore the compound 8 was not obtained as pure product in reasonable yield. and refined using SHELXL-97. 20 After the full-matrix least-squares refinement of the nonhydrogen atoms with anisotropic thermal parameters, the hydrogen atoms were placed in calculated positions [C-H = 1.00 Å for CH(CH3)2, 0.98 Å for CH(CH3)2 and 0.95 Å for Phenyl hydrogens]. The isotropic thermal parameters of the hydrogen atoms were fixed at 1.2 times to that of the corresponding carbon for CH(CH3)2 and Phenyl hydrogens, and 1.5 times for CH(CH3)2. In the final refinement the hydrogen atoms were riding with the carbon atom to which they were bonded. The scattering factors for the neutral atoms were those incorporated with the programs. Crystallographic data are summarized in Table 1 .
Computational Details. DFT calculations were performed primarily for compounds 3b and 3c. The molecular structures were optimized by using a combination of the hybrid PBE0 exchange-correlation functional 21 with the Ahlrichs' triple-zeta valence basis set augmented by 10 one set of polarization functions (TZVP); 22 for tellurium, the corresponding ECP basis set was used. Excitation energies were calculated using the TDDFT formalism; the same density functional-basis set combination as used in the geometry optimizations was utilized. All calculations were performed with Turbomole 5.8 22 and Gaussian 03 23 program packages.
Results and Discussion
Synthesis of 6 and 7. The hexafluoroantimonate salts 6 and 7 are readily obtained in excellent yields by the reactions of 4 and 5, respectively, with AgSbF6 in a 1:1 molar ratio in toluene (eq.1).
The multinuclear NMR spectra of 6 and 7 reveal very similar features to those observed for the corresponding iodide salts 4 and 5. 16 The 31 P{ 1 H} NMR spectra of 6 and 7 are comprised of a singlet at δ 113.2 and 85.7, respectively, with a set of 77 Se and 125 Te satellites arising from the AA′X spin system of magnetically inequivalent phosphorus atoms. Similarly to 4 and 5, the singlets observed for both 6 and 7 do not resolve into two doublets even at low temperature (-100 °C), indicating a weak interaction of the anion with the cyclic cation that is symmetrical with respect to the chalcogen-chalcogen bond in solution. 24 [2.9026(7) Å] than that observed in 5 as a result of the stronger halide-chalcogen interaction. As indicated in Table 2 , the calculated Te···Cl bond order in 8 is 0.35 while the Te···I bond order in 5 is only 0.09. 30 Consistently, the ion-separated salts 6 and 7, which exhibit only very weak ionic interactions (the E···F bond order is ca. 0.02 for both 6 and 7), 30 Expectedly, the elongation of the chalcogen-chalcogen bond has a noticeable effect on the P-N-P angles, which are somewhat wider in the halide salts 4, 5 and 8 than in the hexafluoroantimonate salts 6 and 7.
In the Raman spectrum of 4 the most intense band at 195 cm -1 is attributed to the Se-Se stretching vibration, which is shifted to 255 cm -1 in 6 reflecting the decrease in the Se-Se bond length. Both of these Raman lines correlate well with, for example, the ν(Se-Se) stretching vibration at 269 cm -1 observed for [(Se2SN2)Cl]2, which exhibits a Se-Se bond length of 2.3464(7) Å. 32 The Te-Te stretching vibrations show similar behavior; the most intense Raman line at 149 cm -1 observed for 5 shifts to 165 cm -1 for 7. The latter value can be compared to the band at 167 cm -1 observed for diphenyl ditelluride (PhTe)2 33 Synthesis and structure of 9. The reaction between the phenyl-substituted [(TMEDA)NaN(PPh2Te)2] and I2 produces [N(PPh2Te)2]I (9) as a red-brown powder. However, the yield of 9 is 66%, significantly lower than the 92% yield achieved for the isopropyl analog 5. 16 Complex 9 was characterized by multinuclear NMR spectra and, after recrystallization from CH2Cl2, by a single crystal X-ray structural determination. The 31 P{ 1 H} NMR spectrum of 9 in CH2Cl2 consists of a singlet at 21.9 ppm with 125 Te satellites ( 1 J( 125 Te, 31 The identity of 10 was determined by an X-ray structural determination. The molecular structure with the atomic numbering scheme is depicted in Figure 4b and the relevant bond parameters are summarized in Table 3 . The structure of 10 consist of a centrosymmetric dimer formed by two cyclic six-membered cations in chair conformation and two bridging Ianions. 35 
16
The Se3 atom exhibits two similar Se···I close contacts [Se3···I1 3.102 (1) Se satellites with 1 J( 31 P, 77 Se) = 745 Hz, which is consistent with a terminal P=Se bond, 41 while the latter resonance exhibits no 77 Se satellites. In the light of these NMR data, we tentatively suggest that 11 is the acyclic compound [SeP(Ph2)N(Ph2)PI]. As indicated in Scheme 1, the hydrolysis of this species during recrystallization gives rise to the structurally characterized nine atom chain 12. 42, 43 Scheme 1.
In order to explain the formation of equimolar amounts of 10 and 11 in the reaction of 41 The 77 Se{ 1 H} NMR spectrum of 13 exhibits a doublet at δ -308 with 1 J( 77 Se, 31 P) = 722 Hz. As expected for this unsymmetrical derivative, the 13 C{ 1 H} and 1 H NMR spectra exhibit resonances that are more widely separated than those observed for 4-8 owing to the significant difference in the environments of the isopropyl groups in 13. 19 The molecular structure of 13 ( Figure 6 Supporting information available: X-ray crystallographic files in CIF format, vibrational data (IR and Raman) for compounds 4-7, 9 and 13 (Table S1) , and a figure of the extended structure of 13 in crystal lattice showing the Cl1···H22C a close contacts ( Figure S2 ). This material is available free of charge via the Internet at http://pubs.acs.org.
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